Abstract This paper describes an analytic method for infrared thermography to detect surface cracks in thin plates. Traditional thermographic method uses the spatial contrast of a thermal field, which is often corrupted by noise in the experiment induced mainly by emissivity variations of target surfaces. This study developed a robust analytic approach to crack detection for thermography using the holomorphic function of a temperature field in thin plate under steady-state thermal conditions. The holomorphic function of a simple temperature field was derived for 2-D heat flow in the plate from Cauchy-Riemann conditions, and applied to define a contour integral that varies depending on the existence and strength of singularity in the domain of integration. It was found that the contour integral at each point of thermal image reduced the noise and temperature variation due to heat conduction, so that it provided a clearer image of the singularity such as cracks.
Introduction
Sakagami [1, 2] introduced a new induction IRT technique termed "singular method" for crack identification. In the singular method, a crack is identified from the singular electro-thermal field generated around the crack tips, where the eddy-current density concentrates and leads to temperature rise. While applying a periodically modulated electric current to the cracked sample, the intensity of the singular current field was recorded in the same frequency. This cyclic change of singular electro-thermal field causes temperature distribution cyclically, which can be imaged by the lock-in mode using the reference signal of modulated electric current. Almond [3] , Nezelmann [4] , and Zenzinger [5] calculated the current distribution induced by an external coil to investigate current flow near the surface of specimen. The current density produced at the vicinity of the crack was visualized by measuring the temperature field. They detected the crack from direct observation of the heating process due to the concentrated current density near crack. Holland [6] visualized the surface crack by employing vibration-induced frictional heating of a crack in titanium. A laser scanning technique combined with thermography was also developed and proved to be very successful in finding the surface crack by Li [7] . The laser scanning method used the laser as the heat source, for example, Nd:YAG laser for local excitation of specimen, and recorded the resulting temperature field with an infrared camera. Based on this data, crack-caused anisotropies in the lateral heat flow was detected and exploited to characterize the crack. Another approach to detect a surface crack is the forced diffusion thermography proposed by Lesniak [8] .
It projected a pattern of dynamic heat to generate a heat flow across the crack thereby optimizing the measureable thermal gradient.
Basic idea of detecting a crack is that the heat flow is impeded by the crack creating an abrupt change in the temperature, so that the thermal gradient can define the crack. However, the derivative of thermal image may magnify the noise from many sources so much that the gradient image does not always provide better quality in contrast than raw thermal image. 
Heat Equation in Plate
Heat conduction in a thin plate is governed by the two dimensional heat conduction
where T is temperature, k is thermal conductivity, and  is thermal diffusivity. In the time-independent case, i.e., 
From the above equation ( 
Numerical Simulation for the Detection of Artificial Crack
In order to investigate the characteristics of eqn. (6) 
This temperature field depicted in Fig. 2(a) satisfies eqn. (6) naturally. Then an artificial random noise signal was added to the temperature field  in eqn. (7) to simulate emissivity variance of surface in experiment, which is represented in Fig. 2(b) . The maximum value of random noise was set to the median of . At each point of pixel in the uncorrupted image of Fig. 2(a) , contour integral was calculated from eqn. (6) along a closed loop surrounding the point of pixel, and represented in the trimetric diagram of Fig. 3(a) . In Fig.   3(a) , the integral values are very small (approximately zero) at all points (x, y) of the plate because it has no singularity. What the contour integral means in Fig. 3(a) and (b) is a temperature discontinuity or jump caused by singularity in the thermal field. Thus the higher the integral value is, the stronger the singularity becomes. In the same manner, the contour integration of the corrupted temperature field in Fig. 2(b) was conducted using eqn. (6) and shown in Fig. 3(b) . The plan view of Fig. 3(b) is plotted again in Fig. 3(c) In addition to the noise, a slit of singularity was imbedded in the temperature field  of Fig. 2 to simulate the effect of crack on the The integral image showed that the contour integral reduced not only the variations of temperature produced by heat flow but also noise, so that it selected and detected crack excellently and improved image contrast.
Conclusions

